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ccr.p rising inr.raduoinq, into a ceil, a chimeric, frrtf.n 
ecr.pri sing a target-protein binding domain ope rat • ve ! y 
£ .inked to a protein-degradation binding contain of a 
protein member of chc u'oiquitin-ir.ediated pror.oin- 
degradstion far.iiy. For example, for a variety of 
proteins which, when expressed in overabundant or nutated 
form (e.g., an oncoprotein such as rac, cr a genetic 

10 mutation, buoh as in the CF gene (cystic f ibrosisgene) 
result in a known pathology, the chimeric protein of the 
invention may ou used to therapeutically treat the 
disease, by wav cf reducing cr completely eliminating, 
via protein, degradation, the pathology causing protein. 

IS Tflis treatment comprises fusion of a protein domain which 
binds the target pathology causing protein (i.e., the 
protein which causes the illness! with a particular 
protein-degradation binding domain as described herein. 
This c;iim»r-.c protein nay then re delivered to the 

intravenous therapy or gene therapy employing the methods 
described herein, or any other method well-known to one 
skilled iri the art for delivering a protein, to its 
binding target. As used herein, "treatment cf a disease" 
25 refers to a reduction in the effects of the disease, 
ircluding reducing the nyrrptcmo of the disease. 

In accordance with another embodiment of the 
present invention, there are provided methods for 
diagnosing cancer, said xetnoc comprising: 
30 detecting, in said subject, a defective- 

sequence ox mutant of SEQ ID NOs: 1, 3, 5, 7, 3, 
11 and 13. 
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io±y in kit forir, comprising at least one invent i 
: acid in a suitable packaging material. The 
;tic nucleic acids are derived from the 
:d/or SCP-encodir.g r.ucieic acids described herein 
esibodiwent , for example, the diagnostic nucleic 
re derived Zroxc. any of SEC ID NOs:l, 3, 5, 7, 9, 
13, Invention diagnostic systems are useful for 
•9 for the presence or absence oi nucleic acid 



A suitable diagnostic system includes at least 
•.ver.tior. nucleic acid, preferably two or more 
.•;on nucleic acics, as a separately packaged 
:ai reagent!?; in an ancunt sufficient for at least 



primers into kit form in combinatioi 
buffers and solutions fcr the pract: 
.nethcds as described herein. 



As employee herein, the phrase "packaging 
wU'iia!" refers to one or i-icre physical structures, used 



45 




•ronioent. The packaging material has a label which 
icates that the invention nucleic acids car. be used 

detecting a particular sequence en coding SKDP and/c. 

ir.ciuarrc the nucleotide sequences set forth in SEC 
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materials w-.tMn the kit arc employed b 
pin icaiar sequrr.ee and ci.tgnose the pr 



the: p,ic'<ag:n.- 



jscq nerc-.n, the term "package" refers to a solid matrix 
cr material such as glass, plastic, caper, roil, arid the 
like, caoabla of holding within fixed limits an isolated 
r;ucie..v acid, oligonucleotide, or primer of the present 
invention. Thus, for example, 3 package can be a glass 
vial ustsil to contain milligram quantities of a 
contemplated nucleic acid, oligonucleotide or primer, or 
it can be a rr.icrot iter plate well to which microgram 
quantities ot a contemplated nucleic acid probe hsvs bee-. 




All U.S. patents and all publications mentioned 
herein are Incorporated in their entirety by reference 
thereto. The invention will now be described in greater 
detail by reference to the following non-limiting 

examples. 
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5 _ -old spring r~ i Laboratory Press, 

Cold Spring Hsrbcr, New York, USA (1232); Sambrook et 
ai., l-t-Vecular Clon-.r.n: , -. 1 ap-rat ony Manual (2 sd.;, Cold 
Spring Harbor Laboratory Press, Co" d Spring Harbor, New 
York, USA ; 1969: ; Davis cc al . , Hasic Met hods in 

HP^cuiar Cloning Techniques Vol.152. S. L. Berger and P.. 
h. Sinnntl Sds., Academic Press Inc., San Diego, USA 

(1987) ) . 

15 Two-hybrid assays. 



I ibrary s. 
method was perfcrxe. 
199.:; Sato e 



:ing by the yeast two-hybrid 
-ein a* described (Our fee «r. al., 
199b; Matsusawa et ai. 199-3) using the 
pGi.lda plasaiid encoding the desired amine acid region as 
bait, an appropriate cDNA library, and the EGY4S strain 
S.cerevisiae 'MAT a , trpl, ura3, his, leu2 : :plexApo6~ 
leu/;. Cello were grown in either YPD medium with 1% 
yeast extract, 2% polypeptone, and ?J- glucose, or in 
Berkiioider's minimal medium (BMM! fortified with 

al., 199-1;, Transformation.-, were performed by a LiCl 
method using 0,25 tc.c of pJG4-5-cDSA library DMA , and 5 mg 
of denatured salmon sperm carrier DNA. Clones that 
forced on Leu deficient BMM plates containing 2% 
galactose/ 1% raffinose were transferred to BKK plates 
containing leucine and 21 glucose, and filter assays were 
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performed for S-gaiactosidaoc Koasu recent 3 a3 previously 
described. 

1. Yeast two-hybrid screen of BAG-1 binding proteins to 
obtain cDNA encoding Siah-lr*. 



hurrar .'arkat T-ceXi cDNA library. ?ron sr. initial scree 
oi -1.6 X 10 fansformants, 29& clone- were lC.er.Ufiec 
that trans-act ivatec the LEU? reporter gene basea on 
abiiiiy to grow on 1 euc:ne-def icient media. Of those, j 
colonies were also positive for 13-ga) acrosidase. These 

LexA/BAG- 1 be it plasmid by growth in media containing 
histidine and then mated with each of 5 different 
indicator strains of cells containing one of following 
LexA ba i !. protein?: BAG-1 U-219) , Bax (1-171), v-Ras. 



Fas (191-335), cr Lamir 



Jin was RFY206 



iMATa, his3D2C0, leu2-3, ly : ,2D291, ura3-52, trplD: :his3) , 
which had been transformed with cGi ld^-RAG-1 or various 
contro: proteins, anc selected on nist idir.e-def icient: 
media. This resulted in 23 clones which displayed 
specific twe-hyfcrid binding interactions with BAG-1. DNA 
sequencing analysis revealed A cONAs encoding portions of 



2 Isolation of full-length human Siah-la cDNAs. 

To obtain the complete sequence of hj.-nar. 
Siah-1, c DMA fragments containing the 5' end cf human 
Siah 1 were FCR-amplif led from Jurkat randomly primer 
cDKAs by using a forward priraer 5' 

XGAATTCG."ACT?STG6CATGTAAACA-3 » (SEQ ID NO: 42) SontainJ 
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.GTT i C5vn A- 3 ' ;SSj ID NO: 43), based on sequences 
database clones (KCBI l!3: AA05427?, AA2S8606, 
3, AA418482, and A1367464) . The PGR products were 
d with EceP.I and SamHI, than directly subolnned 
,e EcoRI and Sail sites of pel plasmid into which 
>A derived from pJG4-5-Siah (22-293! had previously 
oned, as a BamHI - Xhol fragment. The complete 
;iah-la cDNA and amino acid sequence is set forth 
ID Nos:l and 2, respectively. The human Siah-la 
:e contains 16 N-terminal amino acids that are not 



3. Yeast two-hybrid screen of Siah-1 binding proteins to 
obtain cDNA encoding SIP-L, and SIP-S. 

Human Siah-la cDMA encoding amino acids 22-298 

.15 of SEQ 10 NC:1 ( cc. r responding to amino acids 6-282 set 

forth m Nemani et ai., supra 1 was cloned into the pGilda 
plasmid ana used as a bait to screen a human embryonic 
brain cDNA library (Invitrogen) in EGY48 strain 
S.ceravisiae. From an initial screen of -2.C X 10' 

20 cransformants, 322 clones were identified that trans- 
activated the LEU2 reporter gene based on ability to grow 
on leucine-def icient xodia. 01 those, 32 colonies were 
also positive fee R-caiactosicase . These 32 candidate 
transform-ants were then cured of trie LexA/Siah-1 bait 

25 pj.asm.id by growth in ir.edia ccr.tair ir.g histidir.e and then 
mated with each oi 5 different indicator strains of cells 
containing cne of following LexA bait proteins: Siah- 
1(22-298), Bax (1-171), v-Ras, Fas (131-335;, or BAG- 1 . 
The mating strain was RFY2C6 which had been transformed 

3G with pGilda-Sxah-1 or various control proteins and 

selectca on histidine-uef icient media. This resulted in 
1] clones which displayed specific two-hybrid 
interactions with Siah-1. 2KA secuencmg analysis 
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revealed 5 cDNAs encoding portions of SIP-L, i oDNA 

of APC2S31-264 3), and 2 cDNAs encoding portions of Siah- 
1. The SIP-L and SIP-S clones were sequenced and the 
5 resulting nucleotide sequences are set forth in SEQ ID 
Nos:3 and 5, respectively. 

4. Yeast two-hybrid screen of Skpl binding proteins to 
obtain cDNA encoding SAF-1 and SAD. 



10 (Zhar.q et al., 1995, CeU, 82:915-925) was cloned into 
the pGilda plasmid as d brill. Lc scresn <; human embryonic 
brain cDNA library -l.nvtrogen) in EGY-13 strain 
25 S.cersvisiae. From an initial screen cf -1.2 X 10* 

trar.sfcrmants, 130 clones were identified that trans- 
15 activated t/ie 1.5U2 reporter gene based on ability to grow 
on -eucine-def icient nedia. Of these, 36 colonies were 
30 aiso positive for f -galactcsidase . These 36 candidate 

trans formants were then cured cf the LexA/BAG-1 bait 
plasmid by growth in :r.edia containing histidine and then 
20 mated with each of 5 different indicator strains of ceils 
ccr.tair.inq one of folicwinq Lex A bait proteins: Skpl (91- 
163), STF-I, Bax (1-171;, v-Ras, Fas (191-335), orSiah- 
The mattr.c strain was RFY206 which nad been 
40 transformed with pCiida-Skpi or various control proteins 

2S and selected cr, hist idine-cef icient media. This resulted 
-n 3 clones which displayed specific two-hybrid 
interactions with Skpl and 18 clones clones which 
45 displayed specific two-hybrid interactions with both Skpl 

and SIP-L. DNA sequencing analysis revealed 12 cDKAs 
30 encoding portions of SAF-1 and 9 cEKAs encoding portions 
nl SAD . The SAF-1 and SAD clones were sequenced and the 
5C resulting nucleotide sequences ore set forth in HKQ 10 

No3 o (SA^-la), 9 «.-?A?-l|JJ , anc 13 (SAC) . 
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5. Isolation of full-length SAF-2 cDNAs . 

Full-length cDNA encoding a human SAF-2 protein 
was PCR-air.plified from ZAP I I JurkaL cDNA labrary 
JStratagene) by using a forward primer 5'- 

S GTGAATTCAT3CAACTTGTACCTGATATAGAGTTC- 3 ' (SS-0 ID NO: 44) 
cortlai.-iing an EcoRI site and a reverse primer 0'- 
GGACTCGAGSCTCTACAGAGGCC-3' !SSQ ID KO:45) , based on human 
DKA sequence from clone 341E18 or. chromosome Gpll.2-11' .3 
(ALC31173) . The PGR products were digested with EcoRI 

C and Xhol, then directly subclones ante the EcoRI and Xhol 
sites of the piasmid pCDNA 3 . The corresponding plasm* d 
was sequenced and the results are forth in SEQ 10 

Bos: II and 12. 

6. Yeaat two-hybrid screen of SIP-L binding proteins. 

15 The human SIP-L cDKA encoding fall-length SIP-L 

was clcr.ed into the pGiica clasrrid as a edit to screen a 

strain S.cerevisiae. From an initial screen of -1.5 X 10' 
trar.sfoimants, 410 clones were identified that trans- 

ZC activated the LEU 2 reporter gene based on ability to grow 
or. leucino-def icient media. Of those, 63 cc.fcni.es were 
also positive for p-caiactosidase . These 37. candidate 
trar.sf orrr.ants were then curea oi. tne LexA/Sif-l. hair, 
piasmid by growth in ir.edxs containing histidine and then 

25 mated with each of 32 different indicator strains of 
cells containing one of foH.ow.mg Lex A bait proteins: 
3:2-1, 3ax (3-171), v-Ras, Fas (191-335:, or BAG-':. The 
mating strain was RFY?0o which had seers t rar.s'" Drired with 
pGi ica-3IP--L or various control proteins and so.ecr.ed or, 

30 hist.idin-2-def icient media. This resulted in 16 clone.fi 
which displayed specific two-hybrid jnter^r.icr.s with 
SIP-:-. UNA sequencing analysts r eve j led 3 cI-NAs encoding 
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portions of Skpl, 1 cDNA encoding portions of 3iah-I, 
11 cDNAs encoding portions of SIP-L. These results 
indicate that SIP-L bir.cs :o Skpl and Siah-1 proteins, 
and is able to honodimerize with SIP isoforms. 

7. A cell proliferation functional assay of SIP/siah 
interaction 

Trie effects of invention SIP-L and SIP-S 
proteins on Siah-i-induced ceil cycle arrest in 2S3T 
epithelial cancer cells was examined and the results at 
shown in Figure < Human embryonic kicney 293 ceils we 
maintained in high-glucose DMEM meciicn-. containing 10% 
fetal calf serum, ! n,v L-nlutairine, anc antibiotics. 
Cells (-5 x 10') 'in bC im plates were trans feet ed with ; 
total of 3.0 pg of plasisid DN'As encoding Siah-1 alone o 
together with SI? or SIF-S by a calciuw phosphate 
precipitation technique. After 24 hours, the cells wer 
harvested ar.c trie r.u.nbor ot viable end dead cells were 
,;OJ!:Uv using trypan blue eye exclusion assays. 
Eiucie.-icy ol transient t ransftcticr. was estimated by ii 
situ U-galactcsidase assay using a portion of the 



transferred cells 
o* toe ?2?3 cells 



ar.sfection efficiei 



40 




aitcr ^ hours, witnout an increase in cell death. Thus, 
Svsh-1 suppresses proliferation of 293 cells. Cc- 

J5 trensfectien cf SIP-L with Siah-1 did net substantially 

alter 3iah-l-r.ediated qrowth suppression. In contrast, 
".re SIF-S protein abrogated the growth suppressive 
3C effects o£ Sian-i, which indicates that the invent a or. 

SO r,lp ~ S P rc -" irl affects Siah-1 ir.tracellularlv in a 

different xanner than SIF-l . 
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8. Ir. vitro SIE:Siah-l protein interaction ass a; 

Cctr.plrroentary cDKA encoding Sit'-:, was < 
ir.*.r. pUr.X 47- : an. J expressed in XL-l-fcluo ceUs 
(Stsratagene, Inc.;, and sf f i n-.ry-puri tied using 
'i 9 ; ^;.<--;*hicne Sepharose as is woiJ-xnown ir. the art 
F.triiiea OCT- fusion proteins :0. 5-1.0 i:g imnobt.: 



4*C for 30 minutes. The beads were washed 3X with ! 
. HKKEK solution, followed by boiling in 2b pi of 
letrar.U-SDS s ciir-pl o buffer. The eluted proteins wore 
laiyzed by SDS-PAGE (12% ) and cetected by f iuorcgraphy . 
;e cf equivalent amount a of intact GST-fusion proteins 
:d successful IV? of each protein was confirmed by SDS- 



t:-.at Siah- 1 binds to a ; p-i. a:u: noswxUm*ri?8» ir. vitro. 

9. Co-immuncprecipitaticn Assay of SIP:Siah-l. 

Two x 10 s 233? ceils in ICC am plates were 
transiently transfected with 10 jjg of pCDNA3-rayc-SIP-L 
and 10 rag or ?cDNA3-HA-3iah-l (amino acids 97-238 of SE0 

by sonicaticn in 1 ml of KKMEN solution containing 0.2% 
NP-40, 0.1 pM py.SF, 5 pg/mi leupeptin, 1 pg/iti aprotinir. 
.«->ci 1 -jg/ir.1 ps-pststin. After preslcaritig with r.om&l 
rouse iqG and iC ml protein A-agarose, 
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HKMEK solution, ir.".uno-coir.plexes were analyzed by SDS- 

. ting using ar.ti-HA antibody 12CA5 
(Bcahriager Mannheim;, followed by HRPasc-con jugated coat 
ar.;.i scjso innur.cgir.bulin (tocrshasn, rnc.i, and detected 
using an enhanced cneni luminescence (ECL5 system 
■ Airier shaai, Inc. } . 

The results are snown in Figure 5B arid indicate 
that SIP proteins bind to Siah-1 intracelluiarly . 

10. Yeast two-hybrid assay of Siah-1 :APC binding 
specificity . 



One ug of piasmids encoding fins: en proteins of 
the LexA DNA-binding domain fused to Siah-1, APC(2631- 
2845, BA3-1. Bex, Eas, Fas, IX ICE were co-tansf erred into 
yeast strain EG i A 8 with 1 uc of pJG4-5 plasnid encoding 
fusion proteins oi the B42 trans-activation domain fused 
to APC;2681-2843) and Siah-1. Transformed cells were 
grown on serai- sol i« media lacking leucine cr containing 
leucine as a control which resulted in equivalent amounts 
ct growth for all t : dnr- 1 jr n;u:i t s . Plasmid combinations 
that resulted in growth on ieucine-deficienf media within 
■\ days were scored as positive ( + ) . p-calactosidase 
activity of each colony was tested by filter assay and 
scored as blue (+) versus white <-) after 60 minutes. 



The results are shown in Table i, and indicate 
that APC interacts specifically by direct binding with 
Siah-1. and not with 3AG-1, Sax, Has, Fas nor FLICS . 

Table I Specific Interaction of Siah with SIP 
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Leu* (J-Gal" 



APC (2681- 
2943 ; 



APC (268 1- 
2U4j> 

APC (2681- 
2843! 

APC (2681- 
28-53: 

APC (2681- 



APC (2 681- 
2843) 

APC (2681- 
2843) 



11 . Yeast t» 
specificity. 



.-hybrid assay of Siah-l:SIP binding 



One pg o: plasrnids encoding fusion proteins of 
the LexA DNA-binding domain fused tc Siah-1, Siah-2, 
BAG - i , 3ax, Ras, Fas, r LICE, and SIP-L were cc-tansfcrmed 
into yeast strain EGY48 with : pg of pJG4-5 plasmid 
encoding fusion proteins of the B42 trans-activation 
domain fused tc SIP-L, SIP-S, Siah-1, Sia.n-2, BAG-!, Bax, 



'hich resulted in equivalent amounts of growth for all 
ranstorrcar.ts. Piasmid cexbinations mat resultec. in 
irewth on ieucine-def .icient medic withir. 4 days were 
cored as positive (+) . S-gaiactosidase activity of e« 
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colony was tested by filter assay and scored as blue ;+) 
v«rsus white {-} arter 6C Kinu.es. 

The results are shown in Table 2, and indicate 
that SIF proteins interact specifically by direct binding 
with Siah proteins. SI?-L was found tc interact with 
Siah-1 and Siah-2, and net with BAG- I, Bax, Ras, Fas ncr 
FLICS. SIP-S was also found to interact with Siah-1. 
Table G also reveals that the SIF-L fccmodimerization 
domain is within amino acids 73-228 of SIP-!. (SKQ ro 
NO: 4) 
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Specific Interaction of Siath with SIP 



Siah-1 

Siah-1 



rue? 



SIP-L 



SI?-L 
SIP-L 



12. Mapping of Siah-APC interaction domains. 

2C Expression piasmids encoding fusion proteins of 

Siah-la £r&epr.ents corresponding to: SEC: ID NO: 2 amino 
acids 22-298; 22-251; 22-193; 97-29=; and 46-1C2, fused 
to the h-42 trans -activation ciomair. were co-transformed 
into yeast EGY4S cel.s wxt.i a plasmid encoding e chimeric 

25 fusion protein of the Lex ft DNA-bir.ding domain fused to 
ammo acids 2S81-2S43 of AFC " APC (2681-2843) ." 
Trans t'orwed cells were grown on seiui-sclld media lacking 
leucine or containing leucine as a control. Plesraid 
-onb: i n- tn.it resulted ii grow i on leucine-deficient 

30 media a: thin days wcra scored as positive < + ;. K- 
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gaiactcsidase activity for each colony was tested by 
filter assay and scored as blue { + ) versus white <-) t!>- 
gai) oased on a 1 hour of color development. 

The results are shewn jr. Figure 3 and indicate 
that a region within the 4? carboxy terninai amino acids 
of Siah-ia (SEQ ID NO:?} is required for binding ro AFC . 

13. Mapping of SKP-1 , SIP-L, SAP- 1 , and SAD interaction 
domains . 



Expression plasmas encoding fusion proteins of 
Srtj-.u ana functional l ; ag.narn.s thereof corresponding to 
S£0 :r MO: 8 amino acids 63-443; 8C-443; and 253-443, were 
fused t:. the B-42 trans-activation domain. Likewise, 
expression piasmids encoding fusicr. proteins c£ SAD and 
functional fragments thereof corresponding to SEQ ID 
NO: 14 amino acids 128-447; and 300-44?, were fused to the 
B-42 trans-activation domain. These SAF-l-f ragment- and 
SAD-f ragrjert-B-4? fusion proteins were co-transformed 
into yeast CGY4 8 cells with a plasm-, d encoding a chimeric 
fusion, protein of the .ex A DKA-bindino domain fused to 
either SKP1, SIP-L, SAF-l, or SAD. ? tens termed cells 
were crown on semi-solid media lacking leucine or 

that resulted in growth on ] eucine-dcf icici-t media within 
4 days were scored as positive f-i. 3-galactosidase 
activity for each colony wis tested by filter assay ana- 
scored as blue {-» versus white :-) !3-galj based cr. a 1 
hour of color development. 
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Figure CB indicates char. SAD interacts by 
direct binding to Skpl, SIP-L and 3AF-1, but does not 
interact with Siah-1. A region within the. SAD fragment 
corresponding to amino acids 1-12? of SEC ID NO: 14 is 
requiied for SAF-1 interaction; a region within amino 
acids 128-359 cf SAD is required for S.tpl interaction; 
and a reyion within amino acids 3G0-417 of SEC ID NO: 14 
is required for SIP-L interaction. 

14. Effect of Siah-1 over-expression on stability of 
|}-catenin. 

293T ceils were transiently transrected with a 
plasraid encoding rr.yo- tagged p-catenin and either pcDNA3, 
pcDMA3-Siah-'. ( or pcDNA3-Siah-l (97-298; amino acids 97- 
298 of SEQ ID NO: 2). Whole cell lysates were prepared, 

analyzed by SDS-PAGE/ immune-blotting using an anti-Kyc tag 
antibody. 

Figure 7 indicates that expression of full- 
length Siah-1 abolishes, by degradation, the presence of 
(J-catenin within cells, whereas expression of ammo acids 
97-236 of Siah-1 (SS3 ID NO: 2) does not result in 
P-catenin degradation. Thus, a region within air. i no acids 
1-96 of SSQ ID KG: 2 tSiah-lu) , which contains the N- 
tc-rmir.al "Ring" domain, is required for protein 
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15. Demonstration of SIP-mediated degradation of a 
target protein, TRAF6 . 

An invention SIP-based method tot targeted 
degradation of proteins was applied to the degradation 
5 TRAP proteins. The schematic in Figure S shows the 
strategy employed for Larjetea degradation of specific 
TRAF- family proteins. A chimeric protein, is expressed 
Iron- Lhe plasmid pcDNA3 in which 3IF-L ( SEQ ID KG: 3; is 
fused with bacterial thioredcxin containing various TRAF- 

10 binding peptides displayed or: the surface of thioredcxin, 
as described by Brer.; and colleagues (Cclas, et a 1 . 
Mature, 380: 548, 19S6; Cohen, et ai. Proc. Natl. Acad. 
Sci., 95: 14272, 1998; Geyer, et al. ?rcc. Natl. Acad. 
S~i., 96: 8562, 1999; Fabbritio, et al. Oncogene, 18: 

15 4357, 1999!. The TRAF-binding peptide hinds to a member 
of. the- TRAF-fatruly, end targets the THAI-' -protein for 
ubiqu it irat i on and subsequent protecsone-dependent 
degradation because the SIP-region of the chimeric 
protein recruits ubiquitin-conjucating enzymes (E2si to 

20 the protein cor.pl ex. 

Isplatjpn Of tgrqet-srot ein bin d i n g domain p eptides that. 
S£i£SlivaIv bind TRAF2 -1XUL.IME^ 

A peptide aptaroer library was screened by tha 

2£ either TRAF2 or TRAF6 using the methods cescribeu in r,eo, 
et al. J Bid Chen, 274:22414, 1993. TRAFs are a iamily 
of signal Transducing proteins involved in cytokine 
receptor signaling inside cells. The sequences cf the 
resulting TRAF-binding peptides ere set. forth in iTacles 
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3 SLRIC 
VCR3F.:RSGS1.R21SLE1CR 

I ~ * > ;M3RLL 

CRSLGV1VC-3?EAA3A?TFI 

LS motif 

-, ; -- RGI , , R7M i 

SL3LSVCIGRRAGGGFRGFG 
RFALSIGVCWVRVGICLGK 

LV ffiotjj 



WR motif 
V DWAVY SVVK'RYTTT * 

KT S V I L VJtBL SLFFCLYRSL * 
RMRCJsEE* 
F.GTLSKRMWBTHN" 

SaEDMI'CJGM' 
Cy?S£RA~A??- 
LERVARWVJ * 
VADVLVFIGYVF* 

PVxVF no til 



GAIKFAKESCE* 

PMAMD* 

CESEM 1 

ESVVHGIGSDSD* 
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An invention s TP-fusion chimeric co:.j?:ruc: is 
generated by coxabir.ing the open, reading frar.e ICRF) of 
SI? , fol lowed immediately by restricticr: enzyme sites 
allowing for subclcnintj cf desired target-proLei::~bi:;d_n v : 
domains (e.g. peptides or prcteir. domains). These SIP- 
fusior.s aw then transfected into maitn.aUan ceils to 

which bind the subclor.ed peptides/prct em domains by 
recruiting t.»em into the ubiquitin conjugating complex. 



Oligonucleotides corresponding to the 5' and 3' end of SIP- 
were used in PCS to amplify the entire ORI- of SI?, (SSQ ID 



GATCAAGCTTATGGCTTCAGAAGAGCTACAG; (GEO It: NO: 4 6) 
restriction site is underlined; follcwed immediately by 
the SIP. (SEQ ID NO: 3) start codon; the reverse primer 
cant dans »n Sees; restriction site ana notations in tnc 
stop coder allowing for r.ranslationa.l readthrough !5'- 
GATC'GAATTCl ccAAATTCCGTOVCTCCTT't'OiUCTTG ; (S£0 ID NO: 47) 
mutated stop codon is in lowercase). The generated ?CF. 
product was then agarose gei -purified and digested with 
land in and EroRI restriction ervymes (New England 
BioLabs; Beverly, MA). The product was again gel-purified 
before ligating intc Hind IIJ/EccRI digested pcDNA3.1 
expression vector ( Tnvi troqen; Carlsbad, CA) with r 4 - ma 
ligase (New England SicLabs). This construct was rermed 
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For the construction of SIP-thioredoxin (Trx) 
reptice-aptawer tusions, clones from a peptide -apt arr.er 
library screened against Trafc (see Table 4) were 
ampUCiftri by yen with tho following primers: 

1 1CT ft TATTCACC (SEQ It 

SO: 48) EcoKI underlined; Reverse: 

CATCCTCGAGTAGATGGGCAGCTAGGCCAGGTTA (SEQ ID NO: 49! Xho J 

The resulting PCK products (~3S0-3?Qbp> contain 
the OS? of thioreeoxm (Trx) with the selected peptide 
apr.a:r,ers inserted into its active-loop. The products 
were th=n digester, with EcoP.I and Xho I before iigating 
into the Ke-enl/Xcoi-digestec SIPpcDNA3.1 cassette using 
TJ-DNA iigase. Fina_ clone constructs were numbered and 
were confirmee, by sequencing before using in t ransf ect i on 



Iranfectisn,;., 

HEK293T ceils wore transiently tranafested by e 
lipofoctarr.ine method with vcrious amounts (1 vs 4 pel of 

lucking a TRAFb-bir.ding peptide ''"SIP"! or SIF-TR fusion 
protein displaying one of the peptides shown in Table A 
above (set forth in Figure 10 as S603, S604, S60S1 . In 
son* j,,ses, the proteosome inhbitor MG132 (10 uM) was 
added ;a cultures tc prevent protein turnover. SI?" in 
Figure 10 corresponds to the control expression product 
of parental construct SIP pcDNAS . 1 

To determine the efficacy of the SIP:TRAF- 
bindmg peptide chimeric proteins, levels of TRAF6 
protein were then measured two days later by 
iiKttunob lot ting using a an ti-TRA"o-specif ic antiserum 
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celi iysates were normalized for total protein content 
;£5 pa per lane) . The cell lysates were analyzed by SDS- 
PAGE/iiamunoblot ting using an enhanced chemi luminescence 
detection method, as described previously (Leo, et al . J 
Biol Chem, 274: 22414, 1939). The results shewn in the 
left panel of Figure 10 show that Sir-TR fusion proteins 
displaying TRAc6-bir.di.ig peptides (S603, 5604, and S613) 
induce a reduction in TRAF6 protein levels, with the S60.3 
peptide representing the ir.es t potent of those. 

To determine the specificity cf the SIP: TRAF- 
bmding peptide chimeric proteins, the same iamunoblots 
were ro?rob«d with an antiserum against Si? to 
demonstrate equivalent levels of production of SIP-TR 
fusion proteins, or witn antibodies specific for TRAF2 to 
reveal selective degradation of 7 RAF 6 but not TRAF2 . The 
results shown in the right panel of Figure 10 show -hat 
addition of a proteoscire inhibitor, MG132, prevents the 
reductions in TRAF6. Note also that XR&F2 protein is not 
degraded, demonstrating the specificity of the targeting 
approach. 

While the invention has been described in 
detail with reference to certain preferred embodiments 
thereof, it will to understood that modifications and 
variations are within the spirit ana scope of that which 
is described and claimed. 
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a?crv of geau^ngeg 

SEO ID NO:l is a cDKA (and the deduced amino acid 
pequenca) encoding a Siah la of trie present invention. 

S-20 ID NO: 2 is the deduced amine acid sequence of a 
S Siah la protein of the present invention encoded by 
SEQ ID NO: I. 

SKQ ID SO: 3 is s cDNA (and the deduced amino acid 
scquer.se: encoding a human SIP-L polypeptide of the 

10 3EQ ID KO:-! is the deduced amino acid sequence of a 

human SIP-L protein or the present invention encoded by 
SEQ ID NO: 3. 

SKQ id NO: 5 is a cDNA (and the deduced amine acid 
fnqucr.cn,' encoding a hiaaan StP-S polypeptide of the 
15 present invention. 

SEC ID NO: 6 is the deduced amino acid sequence of a 
hur.ari SIF-S protein of the present invention encoded by 
SCO ID NO: 5. 

SEO. ID NO: 7 is a cCKA ;and trie deduced amine acid 
20 sequence) encoding a human SAF-la polypeptide of the 

SEQ ID NO:?; id the deduced amine acid sequence ot *t 
SAE-lo- protein of the present invention encoded by 
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is a cDNA (and the deduced amino acid 
iy d human SA?'-13 polypeptide c£ the 



SEC ID NO: 10 is the deduces amino acid sequence of a 
SAF-13 protein encoded by 3 SO I D MC:9. 

SEQ ID NO: 11 is a cDKA {and the deduced amino acid 
sequence) encoding a human SAF-2 polypeptide of the 

SEQ IE HO: 12 is the deduced amino acid sequence of a 
SAF-2 protei r. encoded by SEQ ID NO: 11. 

SEQ ID NO: 13 is a cDNA (and the deduced amino acid 
sequence) encoding a human SAC polypeptide of the present 



SEC ID NC:14 is the ceduced amino acid sequence of a 
SAD protein encoded by SEQ ID NO; 13. 
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L. isolated nucleic acid er.ccdmg a Stan-Mediated 
Degradation-Protein and/o- SFC-Com ? lex-Proteir 

(SCF;, or a functional fragment thereof. 

<-'. It-dated nucleic acid encoding .■;-_ah--Mr>-.i ated- 
Cecraduticr.-Protein tSMDFi and/or SFC-CompIcx-r-rote! r 
(SCF', or functional fragments thereof, .-elected froir: 
(a) DNA encoding ths aair.c acid sequence sec 
torth in SEC ID Nos:2, <i, 6, 8, 10, i? or 14, or 

:b) DNA that hybrid; -os to the DNA of (a; 
unaer moderately stringent conditions, wherein said 
DNA encodes biologically active SHOP and/or SCF, or 
(c) DNA degoneidte with respect tc either (a) 
or (b) above, wherein said DKA encodes biologically 
active SiYDP a.nd/cr SCP 



A nucleic acia according to claim 2, wherein 
saio nucleic acid hybridizes under nigh stringency 

of SFQ It NDs.-l, ;<, 5, 7, 9, n and i3 . 

!■ A nucleic acid according to ciain 2, wherein 
the nucleotide sequence of said nucleic acid i? 
substantially the sane as set forth in any of 
SEC ID NC:1, 3, 5, 7, 9, 11 and 13. 

the nuc.eotide scqaer.ee of said nucleic acid is the same 
as rh.tr set torth in any of SEC ID K0s:l, 3, 5, 9, .1 



6- A nucleic acid according to claim 2, 
scid nucieic acid is cDNA. 
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.r.g trie nucleic acic of slain* 



8. Recoir-.bina;; . ceils containing the nucleic acid 
of ciair, 2. 

9. An oligonucleotide comprising at least 15 

the nucleotide sequence sot fortSi u. <uty of SEQ ID NOs:l, 
3, 5, a, 11 and 13. 



10. An oligonucleotide according :.o clairr 9, 

Lc oligonucleotide: is labeled with a detectable 



II. An unci senst-:-rmc 1 e ic acid capable or 
specifically binding to mRNA encoded by said nucleic acid 
according to claim 2. 



II. A kit for detecting the presence of the SKDP 
and/or SCP OKA sequence coir.prising at least one 
oligonucleotide according to claim 10. 



••SMDP) and/or SFC-Ccnplex-Pi otein (SCP) characterized by 
having arility to bind to at least. one SMD? ar.d/cr SCP. 

14. A 3MDP and/or SCP according Lo claim 13, 
whersin the amine acid sequence cf said protein comprises 
substantially the sane sequence a; any of SEQ ID Kos:2, 
A, 6, 8, 10, 12 or 14. 

lb. A 3 MOP and/cr SCP according to ciaiir. 14 
comprising the same amino acid sequence as set. forth in 
any of SLQ TD Mos:2, t, 6, 8, IC, 12 or 14. 
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SMDP and /or SC? according to claim 13, 
i protein is encoded by u nucleotide, seqacr.ee 
substantially the same nucleotide sequence as 
1 SEC 12 Nos:l, 3, 5, ?, 9, 11 or 13. 

17. a SMDP and/or SC? accorcing to claim 16, 
wherein said protein is encoded by a nucleotide sequer.ee 
comprising the same sequence as set forth in SEQ ID 
Ncs:l, 3, 5, 1, 3, 11 or 13. 

IS. A method for expression of a SKDP and/or 3C? 
protein, said method comprising culturing cells cf claim 
8 under conditions suitable for expression of said SMDP 
ana/or SCP. 

IS. An isolated anti-SHDP and/or SCP antibody 
having specific reactivity with a SMDP and/or SCP 
accorcing to clam 13. 

20. Antibody according to claim 19, wherein said 
antibody is a monoclonal antibody. 

21. An antibody according to claim 2'.), wherein said 
antibody is a polyclonal antibody. 

22. A composition comcriimc- an 2r;cu-t cf the 

ant i sense-nucleic acid according to claim 11 effective to 
inhibit expression cf a human SMDP and/or SCP and an 
acceptable hydrophobic carrier capable oi puss jug through 
a cell membrane. 

23. A transgenic nonhusnan ci.nma I expressing 
exogenous nucleic acid encoding a SMDP and/or SCP. 

24. A transgenic nonhuauan icaswsal according to clain. 
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23, wherein said nucleic acid encoding said S.MDP ar.d/or 
3CP has been mutated, and wherein the SMDP and. 'or 3CP sc 
expresses is not native SMDP and/cr SC? . 

2b, A transgenic nonhumar. rr.air.snai according to r.lsir 
23, wherein the transgenic r.onhurr.an mammal is a mouse. 

26. A method for identifying nucleic acids encoding 
a mammalian SMDP and/or SCP, said method comprising: 

contacting a sample containing nucleic acids with an 
oligonucleotide according to claim S, wherein said 
contacting is effected under high stringency 
hybridization conditions, and identifying compounds which 
hybrtcite rhereto. 

SMDP and/cr 3CP in a sample, said method comprising 
contacting a test sample with an antibody according to 
claim 19, detecting the presence of an antibcdy-SKDP 
and/or SC? complex, and therefor detecting the presence 
of a human SMDP and/cr SCP in said test sample. 

?>" -. Single t trend !;>.'A primers for axpliiicotion of 
acid sequences set forth as SEQ ID NOs:l, 3, 0, 7, 9, 11 



25. A method for modulating the activity of an 
oncogenic protein, cctpi. ising contacting said oncogenic 
proteins with a substantially pure SMDF and/or SCP, or a 
oncogenic protein-binding fragment thereof. 

30. A fcioasssy for evaluating whether test 
compounds are capable of acting as agonists or 
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antagonists for Sf-CP and/or SC? proteins, cr functional 
fragments thereof, wherein said bioassay comprises: 



la! cuicurin.g cells containing: 

DNA which expresses an SMC? and/or 
SCP cr functional fragments thereof, 

presence of at leas-, one compound whose ability 
to modulate an activity of an SMDP and/or SCP 
-5 sought to be determined, wnerein said 
activity is selected from a protein : protein 
binding activity or a protein degradation 
activity and thereafter 
(b! r.or.itorir.g saio cells for either an increase cr 
ae.-r-ea.se in the level of protein: protein 
binding or protein degradation. 



A method for modulating an activity mediated by 
i/or SCP protein, said method comprising: 
icting said SHOP and/or SCP protein with an 

modulating amount of said agonist or 
: identified by claim 30. 



33. A method for modulating the protein degradan 
•'ily mediated by an SMDP ar.d/cr SCP protein, said 
>rl comprising: 

contacting said SMDP and/or SCP protein with an 
:t.ive, KoduiaLinc amount of said aaor.ist cr 
ronist identified by claim 30. 

A therapeutic composition composite a .-o«».v.; 
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thereof, a SMDP and/cr S3F modulating corapcur.d ide;:t_tied 
acccrcir.g tc claim 30, or an anti-SMDF and/or SCP 
antibody; and a pharmaceutical ly acceptable carrier. 

3 r :>. A method cf treating a pathology characterized 

Lni i,v.vi:\aLi on, said cr.euiod comprising administering an 
effective amount of the composition according to claim 
34. 

3c. A method of inducing the degradation of the 
10 function of a target protein, said method comprising: 

a target-protein binding domain operative! 1 / linked to a 
pr-t.ei n -degradation binding domain or a protein member of 
the ubiquit in-med i & ted protein -degradation family. 

37. A method of determining the function of a 
target protein, said method comprising: 

expressing, in a first cell, a chimeric protein 
comprising a target-protein binding domain cperativeiy 
20 l inked to a protein-degradation binding <Jom*ii) of a 
protain member of the ubiqui tin-media ted protein- 
degradation family; and 

comparing the phenotype of said first cell to the 



/type 



ecom < 



33. A .u.ev.hod cf identifying a nucleic acid itioleci;' 
;dinq a protein that modulates a cellular phenotype, 
i method corprisinq: 



binding domain of a protein member < 
mediated protein oecrsoat; or. fa-til v 
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said phcnotype. 

39. The metftod of claim 38, wherein the phenctype 
is selected front the- group consisting of: cell 

5 proliferation, ceil survival, cell death, cell secret ioi 
and cell migration. 

40. A chimer-c nucleic acid identified according t 



41. ft nucleic end library comprising ; 
oi chimeric nucleic acids, wherein each cnim. 
acid corprises an SMDP and/or 3CP or fur.crioi 



•12. The method of claim 38 wherein said nucleic 

IS selected from the croup consisting of Sia-la, SIP-L, SIP- 
3, SAF-i, 3AF-2, and SAD, or functional fragments 
thereof. 



■S3. A nethec; for treating a disease by degrading 
the function of a target protein comprising: 
20 introducing, into a cell, a chimeric protein 

cc-pri r:q a target - protein binding domain operative!;,' 
linked to a protein-degradation binding domain of a 
protein writer of the ubiqisitin -mediated protein- 

•'5 44. A chimeric protein comprising the SHOP and/or 

SCP of cl&'.m 13. 
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FIGURE 10 
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